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Description 

This invention relates to a spring which is 
formed from a disc for use in geophones to sus- 
pend coils within a magnetic field assembly, the 
spring comprising an outer ring, an inner ring and 
three legs each extending from a juncture point on 
the outer ring to a juncture point on the inner ring, 
which legs are formed by removing portions of the 
disc in a predetermined pattern. 

Such a geophone spring, of the type which is 
known as spider spring, is disclosed e.g. in ap- 
plicant's US-A-4323994. 

In seismic operations, seismic waves are im- 
parted into the earth's crust at or near the earth's 
surface, and portions of those seismic waves are 
reflected or refracted from the boundaries of sub- 
surface layers. Geophones are arranged in arrays 
or groups on the earth's surface, and when the 
reflected or refracted waves encounter a geophone, 
the coil form, which is suspended between two 
springs, tends to stand still while the geophone 
housing and its connected magnetic circuit move 
with the earth's surface. The movement of the coil 
form through a magnetic field causes a voltage to 
be generated at the output of the geophone. The 
outputs of the arrays of geophones are recorded in 
a form which permits analysis. Skilled interpreters 
can discern from the analysis the shape of subsur- 
face formations, and the likelihood of finding an 
accumulation of minerals, such as oil and gas. 

In present day geophones, spider springs are 
used extensively. The legs of geophone springs 
generally have a rectangular cross-section and are 
curved along their lengths between the junctures 
with the inner and outer rings of the spring. The 
spring is "preformed" according to known tech- 
niques. When preforming is complete, the inner 
ring is offset or displaced relative to the outer ring, 
such that when a mass is suspended between two 
such springs, the inner ring, legs and outer ring of 
each spring lie in the same plane. 

A geophone is intended to sense motion from 
a direction which is roughly parallel to the axis of 
movement of the coil form with respect to the 
geophone housing. Therefore, it is desirable to 
eliminate or minimize the effects of any lateral 
motion of the coil form in response to forces which 
are not parallel to the axis of movement of the 
suspended coil form within the geophone. 

In seismic operations, an impulse which is not 
truly parallel with the geophone axis and which 
contains a frequency component at or very near to 
that of a spurious resonant frequency causes the 
geophone to produce an undesired or false EMF in 
the coils. Because of its high Q, the movement will 
continue for some time after the force which caus- 
ed it has subsided. This resonance is considered to 



be the main spurious frequency in a geophone and 
it is highly undesirable as it limits' the geqphohe's 
upper clean bandwidth. 

Inasmuch as the geometry and the mass of the 

5 coil form for a given model of geophone are con- 
stant within the manufacturing limits, the spurious 
resonance is also constant. The frequency of the 
spurious resonance can therefore be raised or 
lowered by changing the geometry of the suspen- 

io sion springs. This characteristic has been used to 
raise the frequency of these false signals until they 
are beyond the desirable frequency spectrum of 
the geophone by increasing the lateral stiffness of 
the spring. With this approach, these false signals 

T5 do not interfere with or corrupt signals of interest. A 
method of increasing the lateral stiffness of the 
spring, applied in US-A-4 323 994, is to shorten the 
spring legs. Unfortunately, the signal distortion 
caused by spring nonlinearity is increased when 
20 the legs are relatively short, and spring life is 
reduced. 

Furthermore, according to said US patent, each 
leg was designed to consist of three segments, of 
which a central segment was straight. According to 
25 this arrangement the central straight segments of 
the legs move in a manner which reduces the 
lateral bending forces by axial movement of the 
inner ring relative to the outer ring. In this way the 
linearity of the spring was improved. 
30 The present invention wants to further improve 

the spring structure by achieving much higher 
spurious resonant frequencies while still maintain- 
ing the linear response of the spring. 

The geophone spring according to the inven- 
35 tion is characterized in that when the spring is flat, 
the inner edge of each leg lies on a single arc 
having a radius at least 1.25 times the distance 
from the center of the spring to the inner edge of 
the leg at the juncture point where the leg joins the 
40 inner ring, the distance between the inner edge of 
the leg and the centre. of the ring decreasing con- 
tinuously from the outer juncture point towards the 
middle of the leg. and in that each leg is wider at 
its end than it is in its middle. 
45 The present invention achieves a highly im- 

proved ratio of the spurious resonance of the 
spring to the natural frequency without deleterious 
effect to the linearity of the spring's response. This 
has been accomplished in part by an analysis 
so which isolates the primary non-linear force acting in 
the spring. Then, structure has been designed spe- 
cifically to counteract that non-linear force, while at 
the same time increasing the lateral stiffness of the 
spring in order to have a high ratio of the spurious 
55 resonance of the spring to the natural frequency 

To counteract the non-linear force, the width of 
each leg is tapered so that it is narrower at its 
middle than it is at either of its ends. This taper 
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reduces the signal distortion caused by the non- 
linear force exerted by the legs. This taper aJso 
reduces destructive stress which can appear at the 
junctures of each leg with the inner and outer rings. 
The non-linear force has also been reduced by s 
making the legs as long as possible. 

To improve the lateral stiffness, each leg is 
given as little curvature as possible and is as 
straight as possible considering the architecture of 
the particular geophone to which the invention is w 
applied. Thus for each leg, the radius of the arc 
forming the inner side of the leg is at least 1.25 
times greater than the distance from the center of 
the spring to the inner side of the leg, at the point 
where the leg joins the inner ring. is 

A geophone spring in accordance with the 
present invention, when compared with previously 
used spring, has the advantage of an increased 
lateral stiffness of such a degree that the. resulting 
spurious frequency is at last forty times greater 20 
than the natural frequency of the spring. This in- 
crease in the available clean bandwith at the high 
frequency end is achieved without compromising 
the linearity of the spring. 

US-A-3602409 discloses a geophone spring of 25 
the type which is known as the double cantilever 
spring. In this kind the legs flex differently than in 
the spider springs to which the present invention 
relates. In the latter type, the Inner and outer ring 
will, when they move axially one with respect to the 30 
other, rotate a little and this rotation does not occur 
in cantilever or double cantilever springs. When 
therefore this document discloses (in its fig. 3) 
tapered legs, this has as purpose to distribute the 
vertical bending of the legs, in order to prevent 35 
bending to be concentrated in the shoulders or 
juncture points, so that, seen' in lateral view, they 
will bend in an W S" shape. 

This document does not contain any teaching 
in connection with spider springs where a certain ao 
rotation occurs. 

The invention will be clarified with reference to 
the accompanying drawins. 

Rgure 1 is a planar view of a prior art geophone 
spring; 45 

Figures 2a and 2b are schematic planar views of 
part of a spring 

Rgure 3 is a graph showing the primary linear 
restoring force in a spring; 

Rgure 4 is a graph showing the primary non- 50 
linear restoring force in a spring; 
Rgure 5 is a graph showing the combination of 
the linear and non-linear restoring forces; 
Rgure 6 Is a planar view of a geophone spring 
according to the present invention, and 55 
Rgure 7 is a perspective view of the geophone 
spring of fig. 6 in a preformed state. 
Referring to Rg. 1. a typical prior art spring is 



shown although not exactly the same as according 
to the state of the art (U.S-A-4 32? £94), comprising 
an outer ring 1 and an inner ring 2, connected by 
three legs 3. As can be seen, the legs of the prior 
art spring exhibit an excessive amount of curvature. 
If the capability for lateral flexing is great, then it 
can be readily seen that a curved beam will flex 
more easily than a substantially straight beam. 
Therefore a curved beam increases lateral compli- 
ance and decreases the spurious frequency, which 
is undesirable. 

Geophone springs may be formed from spring 
material such as beryllium copper alloy by any 
suitable process, for example, by stamping out the 
spring configuration, by taking thin discs of an 
appropriate material and etching slots between the 
legs and rings, and so forth. The spring is then 
preformed so that the legs are permanently set in 
an upward bend from the inner ring and a down- 
ward bend from the outer ring. That is, the Outer 
ring Is displaced above the plane of the inner ring. 

When a geophone spring is installed in a geo- 
phone, the mass suspended by trie spring attempts 
to push the outer ring back down to the plane of 
the inner ring. When the outer ring is pushed down, 
the inner and outer rings must rotate slightly with 
respect to each other to allow the downward dis- 
placement of the outer ring. This rotation changes 
the angular relationship between the rings and 
each leg. 

The downward force of the mass is influenced 
primarily by two restoring forces in the spring. The 
restoring force A is a force which the legs exert 
against the lowering of the outer ring. As shown in 
Fig. 3, restoring force A is linear, within a limited 
distance about the flat position of the spring, in- 
dicated by 0, with respect to the downward dis- 
placement D of the outer ring. 

Rg. 2a schematically shows the planar relation- 
ship of the outer ring, leg and inner ring of a spring 
in the preformed state, viewed from above, before 
a mass exerts downward pressure on the outer 
ring. 

Fig. 2b shows the changes that occur when a 
mass exerts a downward force on the outer ring. 
The angle a before the mass is suspended is less 
than the angle a after the mass is suspended. In 
contrast, angle 0 before suspension is greater than 
angle /3' after suspension. 

Restoring force B is a force which the legs 
exert in an attempt to return to the same angular 
relationship with the inner and outer rings that 
existed before the mass caused a downward dis- 
placement D of the outer ring. Restoring force B is 
non-linear with respect to the downward displace- 
ment D of the outer ring. Rg. 4 shows the non- 
linear restoring force B. 

Fig. 5 shows a resultant force C which is the 
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combination of the restoring forces A and B. The 
resultant force C which is the combination of forces 
A and B is substantially linear for a short distance 
X of displacement above and below the flat posi- 
tion 0 of the spring. The strength, or amplitude, of 5 
force B determines the distance X and therefore 
the linearity of the resultant force C. The longer the 
distance X, the greater the amplitude of movement 
of the earth's surface the geophone can transduce, 
and thus the greater the dynamic range of the w 
geophone. 

According to the invention, to limit the lateral 
flexing, the legs have been designed to be as 
straight as possible considering the architecture of 
the geophone. . J5 

In Fig. 6 the preferred spring configuration is 
shown in planar view. A spring 4 includes an outer 
ring 5 connected to an inner ring 6 by three legs 7. 
These parts of the spring 4 are formed by remov- 
ing the areas designated 8 from the disc by suit- 20 
able means, e.g. by etching. The legs 7 are each 
curved about the center 9 of the spring 10, extend- 
ing from a juncture point 10 on the outer ring 5 to a 
juncture point 11 on the inner ring 6. The three 
legs are substantially equal in length and are dis- 25 
posed substantially equidistant from each other. 

To reduce the effect of force B, each leg 7 
tapers somewhat in its width from each juncture 
point 10, 11 to the center 12 of each leg. so that 
the center 12 is narrower than the juncture points 30 
10, 11. Depending on the amount of the taper, the 
leg 7 can flex in a lateral direction. The lateral 
flexing of the leg 7 absorbs some of the non-linear 
restoring force B, thus reducing the non-linearity of 
the geophone's output signal. 35 

Referring to Fig. 6 the spring has been de- 
signed so that before the spring is preformed, that 
is, when it is flat, the inner edge of each leg 7 lies 
on an arc having a radius at least 1,25 times 
greater than the distance from the spring center 9 40 
to the inner edge of the leg at the juncture point 
11. 

The non-linear restoring force B has also been 
reduced in another way. Referring to the preformed 
spring shown in Fig. 7, a longer leg 7 will subtend 45 
a smaller angle from the plane of the rings for an 
equai amount of preform. The smaller the angular 
relationship between the rings and the leg 7. the 
less the amount of force B. Therefore, given a 
particular size of disc from which the spring is 50 
formed, the legs have been made as long as 
possible in order to reduce force B. 

The foregoing description of the invention has 
been directed in primary part to a particular pre- 
ferred embodiment in accordance with the require- 55 
ments of the patent statute and for purposes of 
explanation and illustration. It will be apparent, how- 
ever, to those skilled in this art that many modifica- 



tions and changes in this specific device may be 
made without departing from the scope of the 
invention. 

Claims 

1. A spring (4) which is formed from a disc for 
use in geophones to suspend coils within a 
magnetic field assembly, the spring comprising 
an outer ring (5). an inner ring (6) and three 
legs (7), each extending from a juncture point 

(10) on the outer ring (5) to a juncture point 

(11) on the inner ring (6), which legs are 
formed by removing portions of the disc in a 
predetermined pattern, characterized in that 
when the spring is flat, the inner edge of each 
leg (7) lies on a single arc having a radius at 
least 1.25 times the distance from the center 
(9) of the spring (4) to the inner edge of the 
leg (7) at the juncture point (11) where the leg 
joins the inner ring (6), the distance between 
the inner edge of the leg (7) and the centre (9) 
of the spring decreasing continuously from the 
outer juncture point (10) towards the middle 

(12) of the leg, and in that each leg (7) is wider 
at its end (10, 11) than it is in its middle (12). 

Revendications 

1. Ressort (4) qui est forme a partir d'un disque, 
pour etre utilise dans des geophones pour 
suspendre des bobines a I'interieur d'un en- 
semble de champs magnetiques, comprenant 
un anneau exteVieur (5), un anneau interieur (6) 
et trois branches (7), s'etendant chacune de- 
puis un point de jonction (10) sur Tanneau 
exteneur (5) jusqu'a un point de jonction (11) 
sur Panneau inteneur (6), ces branches etant 
formers en enlevant des portions du disque 
selon un modele predetermine, caractense" en 
ce que, lorsque le ressort est plat le bord 
interne de chaque branche (7) se trouve sur un 
seul arc ayant un rayon au moins egai a 1,25 
fois la distance du centre (9) du ressort (4) au 
bord interne de la branche (7) au point de 
jonction (11) ou la branche rejoint Tanneau 
interieur (6), la distance entre le bord interne 
de la branche (7) et le centre (9) du ressort 
diminuant de facon continue deputs le point de 
jonction exteneur (10) en direction du milieu 
(12) de la branche, et en ce que chaque bran- 
che (7) est plus large a ses extremes (10,11) 
qu'elle ne Test en son milieu (12). 

PatentansprOche 

1. Feder (4), gebildet aus einer Scheibe zur Ver- 
wendung in Geophonen zum Aufhangen von 
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Spulen in einer Magnetfeldeinrichtung, wobei 
die Feder einen Auflenring (5), einen Innenring 
(6) und drei Schenkel (7) umfaflt, die sich 
jeweils von einem Verbindungspunkt (10) am 
Auflenring (5) zu einem Verbindungspunkt (11) 5 
am Innenring (6) erstrecken, welche Schenkel 
durch Wegnahme von Bereichen der Scheibe 
in einem vorbestimmten Muster gebildet sind, 
dadurch gekennzeichnet. da/J, wenn die Feder 
flach ist, der Innenrand jedes Schenkels (7) auf io 
einem einzelnen Bogen mit einem Radius liegt, 
der zumindest das 1,25-fache des Abstands 
vom Mittelpunkt (9) der Feder (4) zum Innen- 
rand des Schenkels (7) an dern Verbindungs- 
punkt (11) betrSgt, an dem der Schenkel mit 75 
dem Innenring (6) verbunden ist, der Abstand 
zwischen dem Innenrand des Schenkels (7) 
und dem Mittelpunkt (9) des Rings kontinuier- 
fich vom aufleren Verbindungspunkt (10) zur 
Mitte (12) des Schenkels kleiner wlrd und datf 20 
jeder Schenkel (7) an seinem Ende (10,11) 
breiter als in seiner Mitte (12) ist. 
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